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Introduction
In November 2000, the Global Environment Facility (GEF) approved a grant to South African National Parks (SANParks) to research and prepare a full proposal to the GEF for the planning and establishment of a "greater" Addo Elephant National Park (GAENP). The SW boundary of the Addo Elephant National Park (AENP) is some 35 km east of the city of Port Elizabeth (33°58'S, 25°31'E), South Africa. The vision for an expanded Addo Elephant National Park was developed and documented by Kerley & Boshoff (1997 . Systematic conservation planning forms an integral and critical component of the implementation of the GAENP project, managed by South African National Parks ("http://www.addoelephantpark.com" www.addoelephantpark.com). Note that the original boundary of the proposed expansion to the AENP (Kerley & Boshoff 1997 ) has been modified, by SANParks, for the purposes of the conservation planning exercise for GAENP, by the addition of a 5-km buffer that follows cadastral boundaries.
While the impressive plant diversity remains a major focus of conservation planning in the establishment of a GAENP (Kerley & Boshoff 1997) , other biota and ecological processes which impact on the park's biodiversity must be taken into account in attempting to achieve its broad conservation objectives. The species' patterns and ecological and evolutionary processes in the GAENP planning domain include the medium to large-sized mammals and the processes that they drive, many of which (a) are in need of conservation intervention, and (b) may have an important impact on the park's biota, at the species, community and ecosystem functioning levels. Herbivory is known to have an impact on the species composition, structure and dynamics of fynbos vegetation (Campbell 1986; Johnson 1992 ) and thicket vegetation Johnson et al. 1999; Lombard et al. 2001; Moolman & Cowling 1994; Penzhorn et al. 1974; Stuart-Hill 1992; Stuart-Hill & Aucamp 1993) . The important role that the proposed mega reserve will play in conserving a diverse array of larger mammals, including the top predators and a number of megaherbivores, is emphasised by Kerley & Boshoff (1997) . The numerous ecological processes that are mediated by the larger mammals, or that they participate in, are reported on elsewhere (Boshoff et al. 2001a) .
The medium to large-sized mammals were selected as "target" species (sensu Wilcox 1982) for the GAENP planning exercise because it is likely that if their minimum area requirements are met, adequate survival conditions will be simultaneously met for other biota. In this regard, many of these mammals qualify as "umbrella" species (sensu Wilcox 1982) since their minimum area requirements are likely to be at least as comprehensive as those for the remainder of the community. Mammals with a large body size (e.g., some ungulates) or which occupy a high trophic level (e.g., carnivores) are regarded as good candidates for target species acting as "umbrella" species (Wilcox 1982) . In addition, the distributions and spatial requirements/densities of the larger mammals are probably better known, or can be better estimated, than those of the smallsized mammals in the GAENP planning domain. In any case, realistic data for these two population parameters are essential for any conservation exercise that deals with the establishment and maintenance of minimum viable populations of the larger mammalian fauna (Caughley 1994; Caughley & Sinclair 1994; Lande & Barrowclough 1987 ).
An additional consideration for determining minimum area requirements for preserving biological diversity is that of the estimation of minimum viable populations (MVP) for "target" species (Wilcox 1982; Soulé 1987) . The MVP is a set of specifications concerning the size and structure of the populations of a species that is necessary to provide a margin of safety from extinction. The MVP for a species can be translated into the minimum area requirements by determining the amount and type of habitat that will satisfy the MVP. In view of this, it is necessary for realistic estimates of the spatial requirements/densities of each the selected species in the GAENP planning domain to be obtained.
In summary, systematic data and information are required to enable conservation planners to calculate the potential numbers of individuals of each mammal species, within the mammal habitats within various park configuration scenarios. These data will enable planners to measure the effectiveness of the proposed GAENP in achieving predeter-mined demographic, genetic and evolutionary targets for medium to large-sized mammals that can potentially occur in the park. In addition, they will inform decisions regarding acquisition of additional land, where necessary, to achieve these targets, and help identify species for which targets can only be met through metapopulation management.
APPROACH
The indigenous mammal species included in this study (Table 1) are those with a mass greater than ca. 2 kg (cf. Chew 1978) , that are the most prominent on the landscape, and which are generally amenable to direct management. As part of a separate exercise, 43 Land Classes were delineated through field mapping by Kruger & Sykes (2002) , using as a basis the hierarchical classification of Subtropical Thicket by Vlok & EustonBrown (2002) . It was considered impractical to use this detailed classification for deriving the potential distributions and estimated spatial requirements/densities of the larger mammals. It was consequently decided to collapse the 43 Land Classes into a practical number (21) of Mammal Habitat Classes (MHCs) and to use these as the biodiversity surrogates for the mammal conservation planning component of the Greater Addo Elephant National Park. Only those Land Classes that exhibited a generally high degree of similarity, in terms of vegetation structure (and hence mammal habitat) and productivity (determining mammal densities), and for which any differences that exist are considered unlikely to impact significantly on the known and potential presence and densities of mammal species, were combined. The potential distributions and estimated spatial requirements of the two otter species are based exclusively on aquatic habitats, i.e., coastline and rivers, where appropriate.
DISTRIBUTIONS Methods
Two steps were followed in determining the potential distribution of each species, within each MHC in the GAENP planning domain.
Collation and interpretation of evidence
that a species occurred, or could potentially occur in all, or in a specific part, of the GAENP planning domain.
The early and recent published literature was consulted, as were conservation scientists and managers with a good knowledge of the macro fauna of the existing Addo Elephant National Park (AENP) and close environs (see Boshoff et al. 2001b for details of the methods used). The mammal checklist for the AENP was also consulted, as were the mammal collection registers of the Amatole Museum in King William's Town, where the terrestrial mammal collections from the four provincial museums in the Eastern Cape are now housed.
The present study attempts to reconstruct the distributions of indigenous herbivores in the period prior to arrival of European settlers, in the GAENP planning domain, in the mid 17 th century. These distributions thus represent a situation where the patterns and processes exhibited by the mammals of the region were presumably still fairly intact. Thus, domestic herbivores, maintained by Khoi pastoralists in the period prior to European settlement, have not been taken into account in this analysis, owing to a lack of information on their distributions, nomadic movements and densities.
Zoological and explorer's records from the 17 th , 18 th and 19 th centuries have been well reviewed by Du Plessis (1969), Rookmaaker (1989) and Skead (1987) . These reviews were useful in determining the general presence or absence of most species in all or parts of the GAENP planning domain, but they generally proved to be vague in terms of the exact areas and habitats occupied by the various species. This resulted mainly from the fact that most early hunters and naturalists only recorded mammal occurrences along well travelled, or passable, routes, and few travelled at night, thereby missing the nocturnal species. Other problems arose with interpreting the early, published accounts with regard to the accurate identification of some species (see Skead 1987) .
The following additional sources were consulted for information on the historical occurrence of mammals in the broader area around the GAENP: Coetzee (1979); Hewitt (1931) ; Lloyd & Millar (1983) ; Shortridge (1942) ; Skinner & Smithers (1990) ; Smithers (1986); Stuart (1981) ; Stuart (1985) ; Stuart et al. (1985) .
A review of the recent (20 th century) literature revealed that surveys are incomplete in terms of species and/or area covered and tend to use political boundaries rather than ecological zones as the basic mapping units. The scale of the distribution maps in the standard account of the mammals in the southern African sub-region (Skinner & Smithers 1990) allows only generalised ranges (extents of occurrence) to be determined. Similarly, distributions of threatened mammal species are illustrated on a broad regional basis (Smithers 1986) . Museum specimens and records provide useful point data but are biased in that they only provide "presence" data, i.e., they do not represent the results of systematic data collection throughout the GAENP planning domain, and they do not take into account the possible migratory or nomadic patterns of some species.
Estimation of potential presence of the species, based on their ecological requirements
The potential presence/absence of each species in each MHC was determined according to our understanding of their ecological requirements, including a review of published habitat requirements (in the general GAENP area and further afield), our personal field knowledge, and the respective habitat characteristics of each MHC. These characteristics included dominant plant species, vegetation structure, grass component, soil nutrients, geology, topography, modal altitude, mean rainfall and rainfall seasonality). See and Boshoff et al. (2001b) for details of the methods used. As part of this exercise, AENP conservation scientists and managers, with ecological knowledge of mammals of the area, were consulted.
The potential distribution of each species is presented according to three categories:
-MHCs with the potential to sustain significant resident (i.e., present all year round and breeding) populations. In these MHCs the animals are generally homogeneously distributed across the landscape; -MHCs which may be used on a seasonal basis, or which may carry small populations in habitat refugia (i.e., patchy basis). In these MHCs the animals are generally not homogeneously distributed, temporally and spatially, across the landscape; -MHCs where the species is unlikely to occur, except perhaps for vagrants or during rare and short incursions. In such cases the species was considered to be absent, and the MHC in question could not be relied upon to contribute to the conservation of that species.
The hippopotamus potentially occurs, in suitable habitat, in and along major rivers and dams. These waterbodies must be perennial in nature and must contain pools at least 1.5 m deep. The distance travelled from watercourses to feeding grounds depends on forage availability and can vary widely. Hippopotamus generally forage within about 1.5 km from waterbodies but will move freely up to eight or 10 km, and are known to move much further when forage is scarce (Skinner & Smithers 1990 ). Potential hippopotamus habitat was marked on a digital terrain map produced by CSIR-Environmentek. For practical reasons, the overall distribution of this species is presented, rather than its distribution according to Mammal Habitat Class. Using GIS, those parts of MHCs that overlap with potential hippopotamus habitat are considered as additional (i.e., additional to the original 21 MHCs) MHCs and are treated as such for the calculation of estimated spatial requirements and densities (see "Spatial Requirements").
The potential distributions (that are linear in nature) of the two otter species were marked on a digital terrain map that identifies the major rivers and dams. A conservative approach was adopted in determining these distributions; only waterbodies that can be confidently classified as being perennial were included.
The approach described above, which involves a simple model based on the estimated range of each species and its association with mappable environmental features expressed as a series of polygons, is broadly similar to that used in other studies (e.g., Butterfield et al. 1994) .
Results
Of the 44 indigenous, non-marine mammal species that occur, or can potentially occur in the proposed GAENP ( already present and nine could be considered for re-introduction.
The 21 MHCs delineated for this study are mapped in Fig. 1 and listed in Table 2 . The potential occurrence of each species in each MHC, on a "resident" or "seasonal/patchy" basis (Table 2) , is illustrated in a series of distribution maps (Figs. 2-44 ). Due to a lack of detailed habitat information, the hippopotamus and the two otter species are considered to be potentially resident in all habitats mapped for these species.
Discussion
Notwithstanding the constraints inherent in the approach used here, the maps provided in this report are considered to represent realistic potential distributions of the medium to large-sized mammals in the GAENP planning domain. We stress, however, that these data are underpinned by putative habitatmammal relationships that are testable in the future. Nonetheless, the data provide new information that is essential for effective conservation planning in the GAENP, and for developing a greater understanding of the larger terrestrial vertebrates as indicators of environmental change in the proposed park (Macdonald 1992) .
The black wildebeest is the only species for which the greater part of its distribution range within the GAENP planning domain falls within the 5-km buffer zone. For two other species, namely oribi and reedbuck, a significant proportion of their distribution range within the planning domain falls within the 5-km buffer.
It is emphasised that the allocation of species to specific MHCs should not be interpreted to imply that the distributions of the mammals are spatially and temporally fixed in the planning domain. Because of the dearth of ecological information from the region, any reconstruction of the demographics and dynamics of the medium to large mammal populations must be based on the collection of new information.
Owing, in part, to the expansion of the AENP, there are currently seven extralimital species in the park, namely gemsbok Oryx gazella, impala Aepyceros melampus, waterbuck Kobus ellipsiprymnus, blesbok Damaliscus dorcas phillipsi, blue wildebeest Connochaetes taurinus, red lechwe Kobus leche and nyala Tragelaphus angasii. It is recommended that these species be removed from the AENP, in view of the real and potential ecological and economic costs of keeping them in the park (Castley et al. 2001) .
SPATIAL REQUIREMENTS Methods
The estimated spatial requirements of each species, and the associated density estimates, refer exclusively to those MHCs in the GAENP planning domain where the species is likely to occur, on a "resident" or "seasonal/patchy" basis.
Omnivores and carnivores
The overall lack of information from the GAENP domain precluded an estimation of the spatial requirements of the omnivores and carnivores according to individual Mammal Habitat Classes. Consequently, the planning domain was treated as a homogeneous unit for this purpose. This is likely to be more appropriate for the smaller species than for the larger ones; the abundance of the latter will generally reflect the abundance and spatial distribution of the larger herbivores.
Estimates of the spatial requirements of each species in each MHC were based on a review of available information on densities, social structures, breeding units, territory sizes and home ranges. However, since published ecological information for the region is not available (cf. Boshoff et al. 2001b ) for any of the species that can potentially occur there, estimates based on the interpretation and extrapolation of information on the relevant species from other regions in South Africa, mainly the Nama-Karoo, Grassland and Savanna biomes (sensu Low & Rebelo 1996) , were used as surrogates. In the case of the carnivores (especially the large predators and scavengers such as lion and spotted hyaena) the assumption is made that predator-prey systems are in operation and that sufficient food is available. For the sake of brevity, the sources of the data used to estimate the spatial requirements have not been included in this paper.
Given that they occur along rivers or along the coastline, the density estimates for the two otter species are expressed in linear terms (individuals/km).
Where the distribution of the Cape clawless otter potentially overlaps with that of the spotted-necked otter, the food resources have been equally apportioned between them, thereby reducing the potential density of each species.
A conservative approach to the estimation of the spatial requirements of the omnivores and carnivores in the GAENP planning domain was adopted because of the naturally, and relatively, low herbivore carrying capacity in some habitats, and a generally poor understanding of the ecology of the species concerned. This was achieved by: (a) usually adopting the lowest densities or largest territories or home ranges provided in the literature; (b) using the home range when territory size is not known; (c) basing, in appropriate cases, the estimates only on the sizes of the territories or home ranges of breeding adults-in these cases effective densities may be higher when non-territorial individuals (e.g., sub-adults, immatures and juveniles) are taken into account; and (d) reducing the densities in the seasonal/patchy habitats to 20 % of those calculated for the "core" habitats (Boshoff et al. 2001b ).
Herbivores
Given the virtual absence of information on the spatial requirements of herbivores in the GAENP planning domain, we followed a pragmatic approach in the derivation of the necessary estimates. This involves a spreadsheet model, based on forage availability estimates and the metabolic requirements of the mammal species in question. The approach followed is very similar to that described by Boshoff et al. (2001b) but some adjustments have been made to accommodate the GAENP requirements and characteristics. Although the porcupine is predominantly a herbivore, we have treated it as an omnivore and excluded it from the spreadsheet model, since it does not fit in the conventional grazer/browser classification.
The six sequential components of the model are described below:
Allocation of species to foraging guilds
Each herbivore species was classified according to one of four foraging guilds ( 
Adjustment of the agricultural stocking rate
The recommended agricultural stocking rates (SRs) for the respective land/agricultural units, as calculated by the South African Department of Agriculture on the basis of Large Stock Units (LSUs) (Anon. 1985) , were used as guidelines for estimating forage production, and ultimately the spatial requirements of herbivores within each Mammal Habitat Class. It must be emphasised that the term "spatial requirements" normally refers to an ecological response, whereas the term "stocking rates" normally refers to an operator/manager response. The definition and use of the LSU concept to determine stocking rates for livestock and wildlife is discussed in some detail by Boshoff et al. (2001b) .
Where available data (cf. Stuart-Hill & Aucamp 1993) have permitted a comparison, the agricultural stocking rate broadly agrees with published empirical data.
Agricultural management is usually aimed at maximising production (Morris et al. 1999) , and therefore we adopted a highly conservative approach in the calculations for the indigenous ungulates, for the purpose of sustaining populations and protecting biodiversity. This took the form of adjusting (i.e., reducing) the Department of Agriculture stocking rate applicable to each MHC by a proportion which was estimated following a subjective assessment of the biophysical attributes, as surrogates for the productivity of forage, for the MHC in question. Key surrogates here are dominant vegetation, grass component, soil nutrient status, mean annual rainfall, rainfall seasonality, modal altitude and general topography. In this way, the agricultural SRs of MHCs characterised by low productivity, low nutrient soils and a limited grass component, were reduced by a higher percentage than those MHCs characterised by a higher productivity, relatively higher soil nutrient status and a relatively high grass component.
Thus:
where Adj sr = Adjusted stocking rate, X = agricultural carrying capacity/stocking rate (ha/LSU), Y = adjustment value (where, e.g., 60 % = 0.4), and LSU = Large Stock Unit. ISSN 0075-6458
Department of Agriculture stocking rates were not available for some MHCs, nor could they be determined, owing to mapping scale differences. In these cases, stocking rates were estimated according to: an interpretation of the key biophysical attributes (as listed above); the stocking rates for similar MHCs; and the stocking rates for neighbouring Mammal Habitat Classes.
For the purposes of the model, these adjusted stocking rates (ha/LSU) were expressed as animal unit densities (LSU/ha).
Allocation of animal units to foraging guilds, within MHCs
The available animal units, per hectare, within each MHC (expressed as adjusted LSU/ha) were allocated to each of the four foraging guilds, where appropriate (i.e., for each guild that was represented in that MHC). To achieve this, allocations of forage (as percentages) were made for each guild within each MHC, based on subjective estimations of the proportions and nature (e.g., sweet or sour grassveld) of graze and browse, as suggested by the MHC biophysical descriptions and our personal knowledge of these habitats (Appendix 1). These allocations were then corroborated with the guild structures of the herbivores occurring in each Mammal Habitat Class. For example, a check was made that the distribution patterns described earlier indicated that grazers were the dominant herbivores in MHCs dominated by grass.
For pragmatic reasons, no distinction was made between the pre-and postDarlington Dam scenarios, i.e., the dam was considered to be a permanent feature. Since the dam itself (water area) it does not contribute any forage, it has been subtracted from the total area of Riparian Woodland that provides suitable hippopotamus habitat.
Allocation of available animal units to individual species within foraging guilds, within MHCs
For each MHC the available animal units, calculated in
Step 3 above and expressed as adjusted LSU/ha, were allocated to the herbivore species within each foraging guild. Thus, where more than one species occurs within a single foraging guild within an MHC, the LSUs accorded to that guild are allocated to these species in equal proportions. This course was chosen owing to the paucity of information on resource partitioning within these guilds.
Adjustment for seasonality/ patchiness
Species that are resident in a MHC will most likely have different forage requirements (and possibly other ecological requirements, e.g., availability of surface water, shelter/cover) than species that are highly spatially localised or that may only be present for a limited part of a year (i.e., nomads or migrants). Therefore, there was a requirement for the model to incorporate seasonality and habitat patchiness. This was addressed by reducing by 60 % the amount of forage allocated (expressed as adjusted LSU/ha) to seasonal/patchy species. We assumed that the amount, and indeed quality, of resources was limiting, rather than their seasonal availability or total absence. The basis for using a value of 60 % is the same as that used for a similar study in the Cape Floristic Region, where a value of 90 % was used (Boshoff et al. 2001b) . A value of 60 % was used here to reflect the probable higher and more reliable year-round forage productivity.
Thus, each species in each MHC is classified as "resident" or "seasonal/ patchy" (see "Distributions"). The LSUs that were "released" by a "seasonal/patchy" species were reallocated, in equal proportions, to other species within the same foraging guild. This gives the recalculated number of LSUs available to each species within a Mammal Habitat Class. In cases where other species are not present in the same guild, the "released" animal equivalents (LSU/ha) were considered as "floaters" within that MHC-to be utilised across the graze/browse spectrum by the remaining species in the Mammal Habitat Class.
Calculation of species specific densities and spatial requirements, within each MHC
The number of individuals of a species per ha (density), within each MHC, was calculated as follows:
where D = density (number of individuals/ ha), LSU rec = recalculated LSUs per species (as calculated in steps 1-5 above) and S equ = species' LSU equivalent.
The LSU equivalents for the species follow Grossman (1991) ; that for African elephant follows Meissner (1982) .
The estimated spatial requirement for an individual of each species, within each MHC, is calculated as follows: 
where SpRq i = spatial requirement (ha/individual) of an individual, D = density (individuals/ha -from equation 2).
Constraints
A limitation on the spatial requirements of some herbivores is provided by social interaction, namely intolerance of conspecifics, as well as a number of other constraints, e.g., presence of surface water, seasonal food availability. It is known that, irrespective of the availability of forage, social and other constraints can limit the densities of ungulates (e.g., see Moen 1973) , and for some species the availability of food, water and shelter is superseded by social factors in determining densities. In this regard, the spatial requirements predicted by our model were compared, where possible, with available information to investigate whether species' social constraints had been violated.
Model testing
The outputs of the model were tested by comparing spatial requirement estimates derived from the model with published, empirically derived observations of densities of species for which appropriate data are available. Such data are not available for complete species assemblages.
Hippopotamus
For those parts of MHCs where hippopotamus can potentially occur, a separate spreadsheet model was constructed. It differs from the model for the MHCs without hippopotamus in that hippopotamus has been inserted as an additional herbivore (it is a bulk grazer). This results in adjustments to the allocation of forage between bulk grazers within these parts of MHCs, and ultimately the densities of all species within this foraging guild.
There is no published information on the densities and spatial requirements of hippopotamus in the GAENP domain, or even in the Eastern Cape, 
Results

Omnivores and carnivores
The estimates of the spatial requirements/densities for the omnivores and carnivores are provided in Table 3 . As an example of the basis for the estimation of the spatial requirements, the case of the chacma baboon is given (Box 1; cf. Table 3 ). The 
Box 1: Estimation of the spatial requirements of the chacma baboon.
Breeding unit/social structure Baboons are highly social, living in female bonded troops of between four and around 100-130 individuals, with one adult male in small troops and up to 12 males in large troops; average troop size is 40 (Skinner & Smithers 1990 , Apps 1996 and troop size is apparently correlated with habitat quality.
Breeding density/home range/ territory size
Troops have home ranges but they are not territorial and rather tend to avoid other troops (Apps 1996) . In the Good Hope section of the Cape Peninsula National Park home ranges of three troops of 20, 35 and 80 baboons were 9.1, 14.8 and 33.7 km², respectively, with home range being related to size of troop (Devore & Hall 1965) . Home ranges of 400-4000 ha have been recorded. estimated requirement of 3400 ha for a troop of 80 individuals is derived from this information.
Herbivores
The model's estimations of the spatial requirements (and densities) for all species, except hippopotamus, in a single MHC are listed in Table 4 . The estimations for MHCs that can potentially carry hippopotamus are listed in Table 5 . The inclusion of hippopotamus within certain MHCs has, predictably, had the effect of lowering the densities and increasing the spatial requirements of all the bulk grazers in these habitats.
Thicket forest mosaic and thicket savanna mosaic can potentially carry the highest densities of elephant (0.54 individuals/km²). Riparian woodland and thicket savanna mosaic can potentially carry the highest densities (0.8-0.9 individuals/km²) of black rhinoceros, as they can Cape buffalo (2.1-3.2 individuals/km²) and common duiker (14.7-16.9 individuals/km²).
In the case of the African elephant, a megaherbivore, social constraints (e.g., inter-bull aggression- Kerley & Boshoff 1997; Whitehouse & Kerley 2002) have not been violated by the model's predictions. Interaction between individuals of another megaherbivore, the black rhinoceros, provides a major constraint (Adcock 1994 ) and a general minimum spatial (social) requirement of 200 ha/ animal has been suggested (see Hall-Martin & Knight 1994) . Only four of the 16 density estimates provided by the model are above this suggested maximum density for this species; given the nature of the habitats in question, these estimates require field testing. It is noteworthy that in xeric succulent thicket in the Andries Vosloo Kudu Reserve, a density of as high as 1 male rhino/50 ha has been recorded (Adcock 1994 ).
It is difficult to obtain empirical data to test the estimates provided by the spreadsheet models. There is virtually no information for the study area, and where information is available, it is normally unsuitable due to a number of constraints. For example, populations of the larger mammal species in the current AENP (including the Zuurberg portion), and indeed in other national parks and nature reserves in the region, are not natural and are influenced by factors such as presence of fencing (affecting population numbers, and limiting natural movements), and the absence of the large predators (influencing population structure and causing behavioural aberrations). Thus, densities may be relatively high in protected areas due to a combination of pristine, or near-pristine, habitats and absence of the larger predators. In addition, the spatial requirements of the herbivores are known to vary between habitats, owing to spatial variation in forage quality and availability, and shelter. Thus, until empirical studies have been conducted in the MHCs in the GAENP planning domain, testing of the model's predictions is always going to be problematic.
Notwithstanding the contraints mentioned above, an attempt was made to compare empirically obtained spatial requirement data with the predictions from the model (Table 6 ). With few exceptions, the data derived from the model were broadly corroborated for those herbivore species for which published information is available, thereby indicating that realistic values were generated by the model. It is again emphasised that the predictions from the model should be regarded as hypotheses and should be tested through field studies and modified where necessary (see also General Discussion).
Discussion
The spatial requirement and density data generated by the model described here are considered to be realistic. They can therefore be meaningfully used in the conservation planning exercise for the larger mammals in the GAENP planning domain. These data also provide useful information for guiding conservation management decisions, for example, determining multi-species assemblages and preliminary stocking rates of herbivores in the proposed GAENP.
It is emphasised that the estimated densities or spatial requirements refer to a situation where the entire suite of potentially occurring species is available and present, and the habitats in which they can occur are in an "intact" or "potentially restorable" state. Any deviation from this scenario, e.g., due to the unavailability of a species (for various reasons) or total habitat transformation, will require manipulation of the data and rerunning of the model.
We recognise, however, that the model greatly oversimplifies the highly complex intraspecific and inter-specific mammal interactions, and the equally complex animal-plant relationships, the latter often being influenced by seasonality. There are, however, no alternatives when working at this scale, and with so little ecological information available for the species concerned. ISSN 0075-6458 The advantages and disadvantages of using the LSU approach to estimate stocking rates, is discussed in some detail by Boshoff et al. (2001b) and Boshoff et al. (2002) . We contend that the LSU-based approach is appropriate for estimating densities of medium to large-sized wild mammals at a mega-reserve (e.g., GAENP) scale, and that realistic values, that can be used for systematic conservation planning in the GAENP planning domain, have been generated. An alternative to the LSU approach for calculating stocking rates is the use of a standing crop biomass of animals as an index of carrying capacity. In savanna regions, often exhibiting high rainfall and nutrient rich soils, primary production and animal density are generally positively correlated with mean annual rainfall (Coe et al. 1976) . However, soil type influences and further complicates this relationship, even in the savannas, and the biomass of large ungulates can be as much as 20 times lower on nutrient poor soils (Fritz & Duncan 1994) . The fact that savannas with nutrient rich soils support different kinds of vegetation and also different types and densities of herbivores from those with nutrient poor soils has been emphasised by Bell (1982) . Given the high regional variation in rainfall, soil type (ranging from nutrient poor to nutrient rich soils) and presumably primary productivity, in the GAENP planning domain, this approach was not attempted in the present study.
There is strong evidence that a high density of elephants in the "Addo bush" habitat (Spekboomveld MHC) has a negative impact on the cover, architecture and diversity of the plants Johnson et al. 1999; Lombard et al. 2001; Moolman & Cowling 1994; Penzhorn et al. 1974; Stuart-Hill 1992; Stuart-Hill & Aucamp 1993) , summarised in . The only published recommended density for elephant in the AENP, and specifically 1.3-9.4 ha/individual (Manson 1974) . 15-152 ha/individual (Ferreira 1984) .
15 ha/individual (Beukes 1987 for the Spekboomveld habitat class, is derived from research by National Parks scientists during the early 1970s, when a density of 0.4 elephants per km² was proposed (Penzhorn et al. 1974 , and adopted by Knight et al. (2002) , is questionable .
It needs to be emphasised that even though the model has attempted to address the issue of seasonality for certain species (by reducing the amount of allocated forage), it is important that the GAENP be managed as a single spatial unit, in order to provide maximum opportunity for movements by nomadic or migratory species, on a yearround basis. This will cater for ecological factors such as presence of surface water, seasonal food availability and the possible negative effects of selective foraging on threatened plants.
POPULATION SIZES
Methods
The potential population sizes of the 44 mammal species were calculated by simply multiplying the density estimate for each species with the area (in hectares) of the terrestrial habitats (i.e., MHCs), or length (km), in the case of rivers or coastline. These data were calculated for two park planning scenarios, namely: slightly modified Kerley & Boshoff (1997) planning domain; and the GAENP planning domain; and according to two habitat transformation categories, namely: "Intact" and "Restorable". Box 2: Estimated population sizes of the two otter species
Based on the information given in Table 3 , it was decided to use a linear density of 1 individual/3 km of river or coastal habitat for both species of otter, namely Cape clawless otter and spotted-necked otter. Note that the transformation of landscapes did not affect the availability of rivers for otter conservation, i.e., all rivers were considered as "intact" habitat for otters. See "Spacial Requirements" for an explanation of methodology followed.
Cape clawless otter
183 km of potentially suitable river and coastal habitat for Cape clawless otter alone = 61 individuals 342 km of potentially suitable river habitat equally shared with spottednecked otter; results in 171 km available for Cape clawless otter = 57 individuals.
Grand total = 118 individuals
Spotted-necked otter 342 km of potentially suitable river habitat equally shared with Cape clawless otter; results in 171 km available for spotted-necked otter = 57 individuals.
Grand total = 57 individuals
Results
The potential population sizes, according to two park planning domain scenarios are listed for all species in Table 7 . The population estimates for the two otter species are presented in Box 2.
Discussion
The estimates of populations sizes provided in Table 7 and in Box 2, can be used to measure the degree to which mammal population targets, that are set as part of a separate conservation planning exercise (e.g., Kerley et al. in prep.) , are met by the various planning domain scenarios, taking into account different transformation categories.
The estimated population sizes for two species require comment. First, the estimates for the klipspringer require closer scrutiny, as the values appear to be somewhat high. In the MHCs where this species has been marked as being "resident" it may be more appropriate, in a future study, to map individual habitat patches. Second, the estimates for the kudu may be too low. The reasons for this are not known but may be linked with this species' particular feeding ecology. A similar pattern was observed in the analysis for the Cape Floristic Region . The estimates for some of the other smaller ungulates may at face value also appear to be high (e.g., grysbok: JG Castley pers. comm.) . We again emphasise that the model's outputs represent potential densities in intact habitats, and therefore cannot be equated with current densities in transformed habitats.
The data in Table 7 indicate that potential populations of herbivore species that are more prevalent in the "upland" areas are less impacted by transformed (but potentially restorable) habitats than are herbivore species that are more prevalent in "lowland" areas. For example, the steenbok is markedly affected by transformation in the "lowland" areas, whereas the grey rhebok is not. This pattern is understandable, given that most of the transformation has occurred in the "lowland" areas.
GENERAL DISCUSSION
The information generated by the present study provides realistic guidelines for the testing of population targets for medium to large-sized mammals that can potentially occur in the GAENP planning domain, and for the identification of species for which metapopulation management may be required for their conservation. It will also guide park managers regarding species that are no longer present in the general GAENP domain but that can be considered for reintroduction, and in the maintenance of realistic densities. The information in this report will therefore make a significant contribution to achieving the overall conservation goals of the GAENP.
It is important that the estimates derived by this study be treated as hypothetical guidelines at this stage. Thus, any management action based on these estimates should be considered experimental, should be tested through adaptive management strategies and should be closely monitored. The need to test indigenous herbivore spatial requirement/density estimates in practice, and to adapt them in the light of field experience, has been mentioned elsewhere (Trollope 1990) . In addition, the final stocking rates for these herbivores should be conservative, in order to cope with unfavourable conditions (Trollope 1990 ). We thus advocate a "management by hypothesis" approach, with assumptions and predictions being explicitly tested. A major advantage of the estimates presented here is that the assumptions are explicitly quantitative and can be modified as these ideas are tested, allowing adaptive management principles and actions to be employed. The concepts of "management by hypothesis" and "adaptive management" are a generally accepted approach to dealing with management challenges associated with a paucity of information (Bowman 1995; Macnab 1983; May 1991 
